The overall results have led to the formulation of a "working" hypothesis that the erythrocyte may function as an opsonizing agent in vivo as it does in vitro, and therefore may be considered as a part of the host's mechanism for defence against microbial invasion.
To provide a criterion for a critical analysis of the experimental results to be presented, the general hypothesis may be stated briefly in terms of the following three premises: Premise 1. The entrance of bacteria (B) into the blood stream of individuals possessing circulating antibody (Ab) and complement (C') is followed by the formation of the complex B-Ab-C'. In certain species this complex becomes attached to the surface of r.b.c. via immune-adherence (I-A). By analogy to in vitro experiences, the susceptibility of the adherent B-Ab-C' complex is markedly increased as compared to 'that of the B-Ab-C' which is floating free in plasma. Therefore the erythrocyte may be considered as an opsonic agentfor bacteria in an immune host whose erythrocytes are reactive in I-A.
Premise 2. The entrance of certain viruses into the blood of non-immune individuals is follkwed by the well-known adsorption of the virus to the surface of the r.b.c. This adsorption is reversible. While the virus is on the r.b.c. surface, it may be more susceptible to phagocytosis than virus which is floating free in plasma. Therefore, the erythrocyte may be considered as an opsonic agent for certain viruses in the non-immune host. Premise 3. Premise 1 may be restated for certain viruses which in the presence of Ab and C' undergo I-A. Therefore, the erythrocyte may be considered as an opsonic agent for certain viruses in an immune host whose erythrocytes are reactive in I-A.
In order to define the status of I-A as an in vitro immunological reaction which is perhaps comparable with C' fixation, agglutination, bactericidal and bacteriolytic reactions, it is necessary to mention that a wide variety of bacteria examined to date undergo I-A provided C' and their individually specific Ab are present. Some of the bacteria which have been examined include: Diplococcus pneumonie, Micro. aureus, Myco. tuberculosis, several salmonella and shigellae, two neisseria, erysipelothrix, the El Tor cholera bacillus and Esch. coli.
In addition Treponema pallidum, starch granules (Nelson and Lebrun, 1956) and vaccinia virus (Nelson, unpublished) have shown typical reactivity. In a current research project, as yet unconfirmed evidence has been obtained that poliomyelitis virus undergoes I-A.
In conformity with the unitarian concept of Ab reactivity, there is evidence that the same Ab which induces precipitation with the S1 polysaccharide of Diplococcus pneumonik, also induces I-A. Removal of agglutinins to Micro. aureus or to several of the enteric pathogens similarly removes Ab which promotes I-A with the homologous organism. In addition, Proceedings of the Royal Socety of Medicine at least qualitatively the same components of C' which function in immune heemolysis and in opsonization appear to be essential for I-A. This experiment was based upon the findings of Mayer and collaborators (1954) who defined the sequence of combination of C' components to sensitized sheep erythrocytes. Our results on I-A with sensitized starch granules, shown in Table I , are tentatively interpreted to mean that all four components of C' are required for induction of reactivity in I-A. 
The requirement for C' has been studied further by experiments designed to demonstrate reversion of the sensitization induced by Ab and C'. Since at least two components of C' are markedly heat labile, the influence of heating the B-Ab-C' complex was examined. No effect on the susceptibility to I-A was noted upon heating for two hours at 560 C. On the other hand, it has been possible to reverse reactivity by treatment of B-Ab-C' with papain. This experiment, shown in Table II , serves to negate one hypothesis of the action "Activated" papain-10 ml. non-activated mixed for 30 min. with 1 0 ml. 16% cysteine neutralized with NaOH.
of Ab and C' on bacteria, i.e. that some fundamental, non-reversible change is induced in the bacterium which provides an altered surface capable of adhering to erythrocytes.
Instead, this result suggests the combination of the Ab and C' functions in an "additive" fashion and provides the linkage between _hnnt,-rivim nind i-.ruthrnnItp. A e eh0'n in 04ACHWlUlll tLIlU U1_ WIlUlV.7[^b bllVWll III Table I , this linkage is markedly dependent upon the final step in C'-fixation, i.e. the combination of C'3. There are certain other characteristics of I-A which merit mention. It would be expected that a reaction involving C' would proceed more rapidly at 37°C. than at 0°C. However, recently it has become possible to show that the adherence per se is depressed at 00 C. to 20 C. In order to carry the bacteria through the C' step, a suspension of Micro. aureus was presensitized with both Ab and C' for sixty minutes at 370 C. Portions were then adjusted to 37°C. and to 0-20 C. and mixed with r.b.c. which had been equilibrated at the appropriate temperature. At the times charted in Fig. 1, samples expected from previous assays, clearing of the fluid phase was rapid at 370 C., with a 50 % endpoint reached in about two minutes. In marked contrast, the rate was considerably retarded at 00 C. to 20 C., with about sixty minutes required for 50% reactivity. It should be emphasized that a high ratio of r.b.c. to bacteria was utilized to minimize any influence of temperature on the rate of contact of r.b.c. and bacteria.
This temperature gradient assumes an important significance in consideration of the nature of the linkage between the r.b.c. and the sensitized bacterium. The requirement for elevated temperature differs from the well-known maximal rate at low temperature of adsorption of virus to erythrocytes, and with the more-or-less constant rate of adsorption from 00 to 370 C. of: (1) bacteriophage to host bacterium (Tolmach and Puck, 1952) ; (2) protein antigens or inulin to tanned erythrocytes (Boyden, 1951) ; and (3) non-sensitized bacteria to erythrocytes at low pH (Nelson, unpublished) . Although not definite, this observation suggests that I-A is not a simple adsorption phenomenon involving electrostatic bonds. The true nature of the linkage remains unknown.
In proceeding to a consideration of the second phase of I-A, it is necessary to pass over a rather large amount of information which has been obtained on the nature and reactivity of the r.b.c. surface. This second phase concerns the ability of leucocytes to phagocytize in vitro the B-Ab-C' complex. Since various details on this aspect were published previously (Nelson, 1953) , no experimental protocols will be shown. Suffice it to say that assays with a wide variety of organisms showed decisively that phagocytosis of the adherent bacteria was markedly enhanced as compared with controls in which B-Ab-C' was floating free in plasma.
It seems important to review some findings of the past two months which indicate that I-A occurs in vivo. This project was accomplished at the London School of Hygiene and Tropical Medicine with the help of Dr. Joan R. Davis. Unfortunately these experiments were quite complicated from a technical standpoint, and it has not been possible to include in a single chart all the essential controls which were performed. The following two tables may be considered as typical of results obtained to date. cardiac puncture from 0 to 6 minutes after intravenous injection of about 25 X 105 Diplococcus pneumonia, type I. Separation of the erythrocytes from plasma by low-speed centrifugation in the cold and by dextran sedimentation, showed that over 90% of the bacteria were, as expected, in the plasma. an immune monkey. For technical reasons, it was deemed advisable to sensitize the bacteria with Ab in vitro and then to inject the sensitized organisms intravenously into a normal host. Thus, the bacteria could be treated with a minimal amount of Ab, thereby diminishing the risk of agglutination which would seriously interfere with our measurements of the number of bacteria recovered. Essentially 100% of the presensitized bacteria were recovered with the erythrocytes from the monkey blood. To verify the significance of this result as it relates to I-A, mixtures of the presensitized bacteria with monkey blood were made in vitro in the presence of ethylene diamine tetra-acetate (EDTA) which inhibits I-A but presumably does not influence agglutination. About 88 % of the bacteria remained in the plasma. Similarly the presensitized pneumococci remained in the plasma after injection intravenously into a rabbit, an animal whose erythrocytes do not react in I-A.
To return to the problem of the fate of the bacteria attached to the erythrocyte via I-A. The dynamic aspects of phagocytosis by leucocytes were reviewed in the film shown (kindly prepared by Dr. R. Robineaux at the H6pital St. Antoine in Paris). Some general aspects of the film may be summarized as follows:
(1) A washed suspension of Micro. aureus was mixed with freshly collected human blood. Within fifteen minutes approximately 90 % of the bacteria became adherent to the erythrocytes.
(2) Recordings were made of the phagocytosis of the adherent bacteria. The ease with which the phagocyte engulfed the adherent staphylococci was remarkable when compared with engulfment of single or agglutinated bacteria which were floating free in plasma.
(3) There was no phagocytosis of the erythrocyte.
(4) Numerous examples were noted of two or more erythrocytes attached to one bacterium or to a clump of bacteria.
(5) It was remarkable to observe the manner in which the leucocyte "scoured" the erythrocyte surface, producing marked deformity, and then moving to leave a normal-appearing red blood corpuscle. This would suggest that phagocytosis of adsorbed virus particles might occur under such circumstances, at least in vitro; the possibility is being studied in a current research project.
In concluding these remarks on I-A in vitro and in vivo it seems essential to make one comment on the erythrocyte which perhaps now may be envisaged as possessing an importance which goes beyond the simple transport of 02 to the tissue.
The lack of reactivity of erythrocytes from species other than monkey, baboon and man is perplexing, particularly if one wishes to ascribe to I-A a general role in host defence. However, the species specificity is no more remarkable than that which exists in other fundamental immunological phenomena. For example, one has only to consider the variety of animal species in which certain fractions of C' are lacking or in a low titre. Despite this, and up until the advent of "properdin," there were not many immunologists who seriously disputed the role of C' in bactericidal and bacteriolytic phenomena. This, of course, is only evading the issue by citing other equally difficult and, at the moment, unexplainable problems. On the other hand, it might be argued that the reactivity of erythrocytes in I-A constitutes an evolutionary development in the so-called higher species.
